"Spot 14" protein: a metabolic integrator in normal and neoplastic cells.
"Spot 14" (S14) was originally identified as a mRNA from rat liver that responded rapidly to thyroid hormone, and has now been shown to play a key role in the tissue-specific regulation of lipid metabolism. In addition to its responsiveness to thyroid hormone, S14 gene transcription is controlled by dietary substrates, such as glucose and polyunsaturated fatty acids, and by fuel-related hormones including insulin and glucagon. The S14 protein forms homodimers via a carboxyl-terminal "zipper" domain. The protein is located primarily in the cell nucleus, and its expression in liver is limited to the perivenous portion of the hepatic lobule, the site of fatty acid synthesis. S14 protein is critical for the induction of key enzymes involved in the switching of hepatic metabolism from the fasted to the fed state. S14 antisense oligonucleotides inhibit both the intracellular production of lipids and their export as very low-density lipoprotein (VLDL) particles. S14 acts at the level of transcription to regulate expression of genes encoding key metabolic enzymes, including those required for long-chain fatty acid synthesis. The human S14 gene is located at 11q13.5, a region that is amplified in a subset of aggressive breast cancers. S14 mRNA is expressed in most breast cancer-derived cell lines, and the protein is found in the nuclei of two thirds of human breast cancer specimens, but not in normal nonlactating mammary glands. S14 expression in breast tumors is highly concordant with overabundance of a key lipogenic enzyme. This indicates the association of S14 with enhanced tumor lipogenesis, an established marker of poor prognosis. In addition to the utility of S14 as a model system for elucidation of the mechanism of thyroid hormone action, studies of its regulation and function have provided insights into tissue-specific metabolic control by hormones and dietary substrates in both normal and neoplastic tissues.